The paper estimates the determinants of price differentials across 79 districts in Uganda. In the framework of the law of one price, we examine the hypothesis that the spatial price differentials are at least partly influenced by transportation and other transaction costs, infrastructural constraints, productivity and commodity output shocks and the purchasing power of households. The study notes the wide range of price differences across the country, which to a large extent can be attributed to the interaction between remoteness and the quality of physical infrastructure. The effect of income per capita on price differentials is relatively uniform across commodities. The findings point towards the importance of strengthening the capacities of farmers and their productivity as a means to improve their livelihoods and foster more efficient markets with faster supply responses to changes in prices. The findings further emphasize the significance of spatial dimension and infrastructure conditions in Uganda, suggesting that infrastructural development must be a core area to reduce price differences in the country.
Introduction
It is generally believed that competitive and functioning markets deliver improved welfare to consumers since competition tends to enhance quality and lower prices. In addition functional and well integrated markets enable the flow of commodities from surplus production areas to deficit ones, hence improving people's access to food commodities. It is the improvements in the quality of products and services that translate into micro or household level welfare progresses while lower prices in turn enable households to stretch their incomes further over consumption and time.
In the absence of well-functioning markets and presence of binding constraints to domestic trade, we often witness wide ranging degrees of accessibility to commodities and services, and differentials in their prices in diverse parts of the same country. Dysfunctional markets may be due to a wide range of limitations such as poor infrastructure, lack of timely information, legal impediments, logistical and other transaction bottlenecks, among others. Literature addressing the institutional constraints to market development exist (see for example Fafchamps 2004 and Platteau 2000a , 2000b . Moreover there is empirical evidence of commodity price variability across space and seasons in many developing countries, with significant unexploited arbitrage opportunities underscoring the low level of market integration (Abdulai 2007 and Fackler and Goodwin, 2001 ).
In the absence of binding constraints to the flow of trade in the country, there should not be significant differentials in the prices of food save the cost of transportation, transaction costs, storage and other overheads. Easy access to larger markets across the country can constitute a strong motivation for increased domestic production. Mosera, Barret and Mintec (2009) have observed that without access to wider national market to absorb excess local supply, there will be no incentive to increase production as this will only lead to lowering "farm-gate" prices. Lower farm-gate prices will in turn act as a disincentive to increased production and technological innovation in the agricultural production sector. In the case of Uganda, the removal of barriers and subsequent integration of domestic markets could significantly contribute to the realization of the objectives of the National Development Plan (NDP) and the Agriculture sector targets of higher productivity, commercialization and improved household welfare.
The flow of Uganda's internal trade however seems hampered, with surpluses in certain areas and deficits in others. This uneven spatial accessibility to food commodities and the associated price differences that arise, needs to be addressed through appropriate policy measures to enable the free flow from production zones to consumption destinations in the country. Specifically, a vibrant domestic trade can alleviate artificial spatial commodity shortages in the country by enhancing accessibility to commodities produced in other parts of the country. It is against this background that this paper seeks to identify and evaluate the underlying factors that influence food price differentials (the level of market efficiencies) across different districts in Uganda. In doing so, the paper identifies the constraints to the free flow of internal food commodity trade.
Material and Methods

Review of Literature
There is a vast bibliography on the measurement of spatial market integration and price differentials. Market efficiency and integration are necessary in the effective transmission of price incentives in the market. Theory predicts that in well integrated and efficient markets, the same commodity should trade at the same price except for the associated transaction costs. This assertion is often referred to as the "Law of One Price" (Persson, 2008 and 1998) . The single price is attained through the exploitation of arbitrage opportunities presented by spatial or temporal commodity price variabilities. On the other hand, the excessive variability of prices tends to reflect the lack of spatial market integration usually due to constraints such as inadequate transport infrastructure, lack of storage facilities, imperfect competition and institutional weakness in credit and risk management, and inefficient flow of information (Rashid and Minot, 2010) .
Markets can be integrated spatially (over space or locations) or vertically (along a supply chain). Studies such as Gonzalo, Enrique and Lacovone, (2012) and Rashid and Minot (2010) have examined this phenomenon and its role in price transmission in the market. Functional and competitive markets are believed to foster optimal resource allocation, better quality goods and services, and lower prices for consumers. Efficient and integrated markets enable the flow of commodities from areas of plenty to areas of scarcity, thereby ensuring accessibility to goods and services at competitive prices. This linkage between two or more markets causes prices to move in tandem such that changes in prices in one market are mirrored by changes in prices of similar goods in another that is linked to the former through trade (Barrett, 2005) . On the other hand, market efficiency refers to the level of costs associated with transactions in matching supply with demand. There are two main categories of market efficiency namely; exchange or arbitrage efficiency which refers to the situation where there are no unexploited opportunities for arbitrage, and operational efficiency referring to the situation where transfer costs cannot be reduced any further than their prevailing levels (Rashid and Minot 2010) .
Several studies explain how given constraints determine the price variabilities across regions. Mosera et al. (2009) use a data set that includes rice price data across four quarters along with data on transportation costs and infrastructure availability for nearly all of the 1,394 communes in Madagascar. They test the extent to which markets are integrated across space and compare results across different spatial scales of analysis to explain some of the factors that limit spatial arbitrage and price equalization within a country. Abdulai (2007) explains that spatial price transmission involves how prices between spatially separated markets in a country are related citing the factors that affect this phenomenon. Accordingly, transport and distribution costs play a significant role in spatial price differentials. Gonzalo et al., (2012) investigate the determinants of price differences and market integration among Indonesian provinces and conclude that price differences across provinces respond to differences in provincial characteristics such as remoteness, transport infrastructure, output of the commodity, land productivity and income per capita.
In Uganda there are no specific studies on determinants of spatial price variabilities, although a few address constraints to movement of commodities and the impact of volatile prices. They emphasize the patterns in food price evolution that have changed since 2008 (see for example Benson, Mugarura and Wanda, 2008; Mbowa, Mawejje and Kasirye, 2012 and Campenhout, Pauw and Minot, 2013) . They argue that high food production districts (regions) tend to have lower and relatively more stable prices as compared to the low producers. The literature summarizes factors that impede intra-country trade and therefore constitute constraints that need to be addressed to act as incentives to increase agricultural production and productivity. This glaringly demonstrates that intra district or regional trade impediments in Uganda have not been addressed adequately which this study seeks to contribute to.
Analytical Framework
Theory suggests that the same commodity should trade at the same price in efficient and well integrated markets except for transportation and other transactions costs. A corollary to the law of one price further predicts that given well-functioning markets, spatial variabilities are only transitory since this would offer opportunities for arbitrage which if exploited will drive the system back to the one price equilibrium state. This is often expressed as in equation (1) (Persson, 1998) :
Where p j is the price of the commodity in location j, p i is the price in location i, and t ij is the transport and transactions costs over location i and j. It is hypothesized that if the difference between p j and p i exceeds t ij , then the ratio is greater than one which acts as an incentive to rational and well-informed traders to take advantage to make profits by moving the commodities from regions with excess to those with relative scarcity. Eventually the gap between the two regions closes, hence one price.
The Estimation Model
Following from Gonzalo et al. (2012) , spatial price differentials is modelled for selected commodities using price, infrastructure, crop yield per acre, population and welfare data in the respective districts. In an ideal situation, the price difference for a commodity between two locations (in this respect district i and j) will either be less or equal to the relevant trade costs, t as expressed in equation (2):
It is expected that the absolute difference between the prices in district i and j is lower or equal to the transportation and distribution costs, t. The costs play a significant role in determining the magnitudes of the difference among districts. For example, if the price of a commodity due to the interaction of supply and demand forces in district j is well above that in district i plus the cost associated of transport from district i, then producers will send their commodity to district j and the price in district j will be expected to eventually go down. However if the initial difference is lower than the transportation cost then there will be no incentive for producers in district i, to transport the commodity to district j. Other factors that can potentially influence commodity price differences between two different locations include labor productivity, cost of inputs such as capital and land, weather conditions, consumer purchasing power and population of the districts concerned. These factors are captured in the model to examine their role as drivers of commodity price differentials between two districts, i and j. We specify the following model in equation (3) as used by Gonzalo et al., (2012 
a) P i -P j is the price difference between district i and j measured in shillings; b) Re i and Re j is the distance of district i or j to the nearest municipality weighted by the inverse of the population and multiplied by the cost of fuel, which is meant to control for transportation costs. A higher weighted distance increases transport costs and therefore increases the price difference. It is a measure of remoteness on price differentials to the extent that reducing the distance reduces the difference, hence a negative effect. c) R*Inf i and R*Inf j is road density per district i and j. It is expected that distance affects the price the more when the quality of transport infrastructure is worse. A higher density lowers the price difference implying that it has a negative effect. This variable is interacted with distance in the model. d) Co ij is a dummy variable that takes value one if the two districts share a border and zero otherwise (contiguity). It is meant to capture proximity of districts in relation to transport costs. It is expected to have a negative effect since closeness/proximity of districts reduces the cost of transactions.
e) Pr i and Pr j stand for supply conditions measured by unit yield (productivity) of output of the commodities. Improvement in the supply condition will therefore have a negative effect on the price difference since it will reduce it.
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g) PCI i and PCI i is consumption expenditure as proxy for welfare which captures demand-push effects across district. If the PCI ij effect is present, a negative coefficient will be observed since high incomes will tend to increase demand and therefore even the price.
h) The regional dummies RC ij (Central region), RE ij (Eastern region), RN ij (Northern region), and WN ij (Western region) demonstrate the price differences across the regions and implicitly the impact of the different constraints.
i) e ij is an error term capturing all other factors.
The Types and Data Sources
The paper draws on data from several sources which include household surveys/census conducted by the Uganda Bureau of Statistics (UBoS 
Results and Discussions
Table 1 presents significant crop production variations for the commodities of interest across regions. Whereas eastern Uganda is the largest producer of maize, sweet potatoes and millet, western is the largest producer of bananas. This pattern is closely followed by the yields and the percentage distribution of the crops among the regions. Given that not all produce is sold on the market but partially consumed by households (subsistence), ie, retained, it is important to establish proportions for either use. Figure 1 illustrates the proportions sold on the market giving an indication of the level of market development for each crop. The statistics reveal that maize (41%) is the most sold commodity, followed by bananas (35 %), millet (19%) and sweet potatoes 12%. This suggests that households largely grow crops for subsistence and have not significantly ventured into production for the market for various reasons. This echoes the limited commercialization of agriculture in Uganda. Table 2 presents the average commodity price giving an indication of the transaction and distribution costs between two respective regions/districts. The spatial price differentials thus implicitly suggest the magnitudes of the constraints that exist and bar the even distribution in the country. It is evident that significant differences in average prices do exist. Specifically, average prices are higher in the least developed region (Northern) and lower in the most developed region (Central) in Uganda. Regions that produce the largest quantities have the least average prices. The exception is the central region for maize, largely explained by Kampala being the major trading centre sometimes attracting competition thus lowering the price. Furthermore, maize is one of the main staple foods with the largest proportion marketed out of the total production quantities. As illustrated in a panel of Figures 2, the relationship between the average prices and the output in the districts is intuitively inverse. This further strengthens the inclusion of the production capacities in the analysis as it determines the initial price difference between districts. The panel of figures further illustrates the spatial differences in prices of individual commodities based on regions. For example, the western region, which is the main producer of bananas, has the lowest price and the rest of the regions are higher. It is evident that the average prices are likely to be lower the higher the production and yield levels. This suggests that in the domestic market, price differentials are exacerbated by production and storage capacities in addition to transport costs and transaction constraints.
Although Uganda's internal trade is facilitated by road, rail, inland water and air transport, much of the movement of agricultural commodities is carried out by road. In 2008, Uganda's road network was estimated to comprise a total of 78,100 km of which 10,800 km were national , 27,500 km were district , 4,800 km were urban and 35,000 km were community (Uganda National Road Authority, 2008). In 2011, the total length of paved road was estimated at 3,264 km (UBoS, 2012) , representing approximately 30 percent of the "national" category. The central region has the highest average length of 423 km followed by western 362 km, northern 274km and finally eastern 212 km. However, in terms of road density, the Central region is far above the rest with 0.6 km per square kilometre followed by eastern and western with 0.2 km per square kilometre and finally northern 0.1 km per square kilometre. It is evident that infrastructural development as measured by road density follows the region's level of development. The low density for northern Uganda is not surprising after two decades of conflict resulting into minimum development. Thus, the transportation of commodities tends to be slower due to a host of factors. Table 3 presents econometrics results by commodity (maize, bananas, millet, milk and sweet potatoes). The average price difference between district i and district j, during 2008/9, is estimated to establish the effect of a number of covariates. The results for contiguity for all the commodities are highly significant and with the correct signs (negative) suggesting closeness between the districts reduces the price differentials. In essence proximity reduces transport and distributional costs. Remoteness exhibits different patterns and does not show significance for maize and bananas. For sweet potatoes, milk and millet it is significant and negative conforming to the a priori expectations. Largely, the results suggests that price difference is increased by remoteness. The results are improved when we interact the impact of remoteness with infrastructure in especially rural areas which highlights the deficiencies in rural infrastructure.
The paper adopts road density as a proxy for infrastructural development at the district level, although this should encompass, all sorts of infrastructure in rural areas such as: valley dams, irrigation, disease control facilities, research, markets, agro-processing infrastructure among others. All the commodities reveal negative significant coefficients suggesting that the interaction of remoteness and poor infrastructure is likely to increase the price difference. It is intuitive since bananas and milk especially, are highly perishable commodities that require an efficient system to be moved from points of production to points of marketing and consumption. The results suggest interesting patterns: remote and infrastructure deficient districts pay higher prices than their counterparts.
Productivity (yield) differences do affect the price differential of the commodities significantly. Improving the yield capacity for maize, bananas, millet, sweet potatoes and milk would greatly lower the price difference among the different districts in Uganda. For these commodities, the policy approach should be to increase yield per acre (per cow for cattle) through use of improved varieties/breeds and use of better inputs.
The output per capita of the commodity significantly affects the price differences. Districts that produce more maize, bananas, sweet potatoes and milk relative to their population face a lower price for the product. This suggests that the difference for these commodities between producing districts and consuming districts is quite high. This is in agreement with the findings of Mbowa et al. (2012) and Benson et al. (2008) that emphasised the role of productive capacities of districts. Uganda has a lot of unutilized arable land that can help expand commodity production. The limiting fact has been partly inadequate mechanization in form of tractors that can enhance opening of large areas of land. Therefore, high price differentials among districts can be reduced and opportunities for arbitrage can be exploited if commodity production is expanded through opening new areas and increase yield per hectare/cow.
The effect of differences in quantities consumed associated with per capita income is dominated by all the commodities as their coefficients are negative and significant. These results suggest that as households increase their income, the resultant effects is a lower price difference among the districts. Increase in income increases the demand for the commodities triggering demand in the deficient districts leading to more or less even distribution of the commodities hence a lower price difference.
The regional dummies (central, western, northern and eastern) included in the analysis reveal that districts belonging to a region have high chances of lowering the price differentials. This is a consequence of the constraints to movement of food commodities which further strengthens the factors so far discussed. It is notable that central Uganda does not show any significance. This can be explained by seasonal variations among the others regions that supply the centre a major market for food commodities which maintains an even price throughout the time.
Overall, the results resonate with similar studies done elsewhere as presented in the literature review section. Remoteness, infrastructure status, production capacities and welfare status do influence the degree of price differentials in Uganda. The is reflected in the studies by Mosera et al. (2009) and Abdulai (2007) , who explain the determinants of spatial market differentials. Furthermore, the model as developed by Gonzalo with limited modification explains the existing constraints to movement of food commodities across the districts in Uganda.
Conclusions and Policy Implications
In this study the determinants of price differentials in Uganda were studied, using detailed price data covering 79 districts for two seasons of 2008/9, to shed some light on the drivers. In a context where commodity prices have been changing, this study is particularly relevant for a country that is resource endowed but limited by infrastructure and other rigidities in order to understand what drives the phenomenon of plenty in some districts and scarcity in others. The extraordinarily uneven distribution of commodity prices across the country is partly explained in this study. It is anticipated that this will allow the government to take appropriate measures to enable farmers/producers take optimal production decisions and traders to reach out to the entire country. Moreover, it will allow the government to better target its policies geographically to mitigate the impact of a particular price shock on the poor population.
By focusing on the determinants of price differences among districts some consistent findings irrespective of the commodity analysed were observed. The interaction between remoteness and quality of infrastructure clearly influence price differentials. Remote towns pay a higher price, but the effect is attenuated by good transport infrastructure. Furthermore, price differences are also significantly explained by output, per capita income and land productivity. Notably, income per capita at the same time captures unobserved quality differences across districts as well as development and local production capacities.
In conclusion the study points towards two important policy implications: first, it confirms the importance of investing in infrastructure illustrating that the constraints generated by geography and remoteness can be alleviated. This can be achieved through improvements in the investment climate and investment in public works. Second, the importance of strengthening the capacities of farmers and their productivity as an important means not only to improve their livelihoods but also as an instrument to foster more efficient markets with faster supply responses to changes in prices.
